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Description 

The present invention relates to an optical information recording medium and a method for recording information 
on such an optical information recording medium. More particularly, it relates to an optical information recording medium 
capable of being optically written in or read out, which comprises a light transmitting substrate having a pregroove 
formed on its surface, a light absorptive layer of a coloring matter formed on the substrate and a light reflective layer 
made of a metal film formed on the light absorptive layer, and a method for recording information on such an optical 
information recording medium. Such an optical recording medium is known from JP-A-62-1 37745 on which the pre- 
amble of independent Claims 1 ,6 and 7 is based. 

As optical information recording media of this type, compact disks (hereinafter referred to simply as "CD") have 
been practically developed and widely used as optical information recording media of ROM (read only memory) type 
wherein pits are already formed on a light transmitting substrate by means of e.g. a press and a reflective layer of a 
metal is formed on the surface having such pits. 

As a further progress from such a ROM type, optical information recording media have been proposed on which 
information can be recorded by irradiating a laser beam to the substrate as the user requires. 

For example, Japanese Unexamined Patent Publication No. 89605/1 979 discloses an optical information recording 
medium which comprises at least a transparent substrate, a light absorptive layer containing a coloring matter formed 
on the substrate and a light reflective layer formed on the light absorptive layer, and on which information can optically 
be recorded and from which the recorded information can be optically reproduced. 

Further, Japanese Unexamined Patent Publication No. 189851/1983 or No. 171689/1984 discloses a recording 
method to such an optical information recording medium by deforming a layer adjacent to the light absorptive layer. 

Japanese Unexamined Patent Publication No. 135640/1984 or No. 210546/1984 proposes to flatten (hereinafter 
referred to as "leveling 8 ) the light reflective layer side of a light absorptive layer formed on a substrate having a pre- 
groove, to improve the contrast of read-out signals obtained from an optical information recording medium 

Still further, Japanese Unexamined Patent Publication No. 257931/1 988 discloses an optical information recordinq 
medium having prepits, wherein the depth of the prepits is defined. 

However, such conventional optical recording media of recordable or writable type using coloring matters in their 
light absorptive layers, have a problem that they require new CD players useful exclusively for the reproduction of the 
signals recorded on such optical information recording media, and the information recorded in such optical information 
recording media can not be reproduced by commonly and widely commercially available CD players for compact disks 
of ROM type. 

To conduct the reproduction by commercially available CD players, optical recording media must be able to produce 
read-out signals which satisfy the CD standards which are accepted world widely. 

To satisfy the CD standards, it is required that the reflectance is at least 70%; with respect to the degree of mod- 
utetion of the read-out signals, l^/l^ is at least 0.6, and l^ is from 0.3 to 0,7; the block error rate is at most 3 0 x 
10- ; and further when a push-pull method is employed for tracking pits, the push-pull value is from 0 04 to 0 07 

This push-pull value will be explained. A so-called writable CD is expected to be capable of not only reproducing 
but also recording information so that readout signals satisfying the above CD standards can be obtained Accordingly, 
in order to record information so that signals satisfying the CD standards can be reproduced, it is necessary to ensure 
accurate tracking even when the CD is still in a non-recorded state. 

A three beam method or a push-pull method is generally known as a so-called tracking method for accurately 
positioning the laser pick up so that its irradiation position is in alignment with the pit line on the CD, and the recording 
and reproducing laser beams can accurately follow the track of the CD. 

According to this push-pull method, a photodetector is designed to detect lights reflected from the right and left 
sections along the track, and the laser pick up is accurately guided on the track by comparing the quantities of the 
lights reflected from the two sections. Such a tracking method can be employed not only for an optical information 
recording medium already recorded, but also for an optical information recording medium in a non-recorded state 

Similar to the CD standards (see IEC 908), such a push-pull value is represented by (I, - l 2 )/l 0> wherein l 0 is the 
optical power intensity of the beam reflected from the track, and I, - 1 2 denotes the optical power difference in the two 
*o halves of the reflected beam measured at far field. 

The current CD standards prescribe a push-pull value in an already recorded state. According to this CD standards 
the push-pull value is required to be within a range of from 0.04 to 0.07 at 0.1 urn radial offset, as mentioned above ' 
However, in order to record information so that read-out signals satisfying the CD standards can be obtained a 
push-pull value for recording is also necessary. The push pull values before and after the recording should preferably 
* 5 be as close as possible to each other. 

However, none of the conventional optical information recording media comprising a substrate having a pregroove 
a light absorptive layer containing a coloring matter formed on the substrate and a light reflective layer formed on this 
light absorptive layer, has a standard relating to such a push-pull value, or indicates the optimum conditions for the 



10 



IS 



20 



2S 



30 



40 



45 



2 



o o 



EP 0 410 183 B1 

substrate and the light absorptive layer satisfying the various conditions prescribed by the above-mentioned CD stand- 
ards. 

. The present invention has been made in view of the above problems. It is an object of the present invention to 
provide an optica! information recording medium whereby read-out signals prescribed in the CD standards can readily 
be obtained and a method for optically recording information to such an optical information recording medium. 

Specifically, it is a first object of the present invention to provide an optical recording medium whereby stable 
tracking is possible during the recording as well as during the reproduction, and the push-pull value satisfies the CD 
standards. 

It is a second object of the present invention to provide an optical recording medium whereby the reflectance and 
the degree of modulation during the reproduction satisfy the CD standards. 

A third object of the present invention is to provide a method for optically recording information to such an optical 
information recording medium to satisfy the above objects. 

According to the first aspect, the present invention provides an optical information recording medium comprising 
a light transmitting substrate having a spiral pregroove formed on its surface, a light absorptive layer of a coloring 
matter formed on the substrate , and a light reflective layer made of a metal film formed on the light absorptive layer 
characterised in that -0.4 ^ AS ^ 0.3 wherein AS is the optical phase difference represented by AS = 2d sub {n sub - n abs 
( 1 " d abs /a sub)) / ^ wherein d sub is the depth of the layer boundary on the substrate side of the light absorptive layer at 
the portion corresponding to the pregroove, d^ is the depth of the layer boundary on the light absorptive layer side 
of the light reflective layer at the portion corresponding to the pregroove, n sub is the real part of the complex refractive 
index of the substrate and any layer present on the substrate side of the light absorptive layer, n abs is the real part of 
the complex refractive index of the light absorptive layer, and X is the wavelength of a laser beam and in that other 
layers may be interposed between the light transmitting substrate and the light absorptive layer, or the light reflective 
layer and the light absorptive layer irradiated from the substrate side. Preferably, d 6ub is d^ ^ 50 nm. Such an optical 
information recording medium may have a ROM area wherein pits for read-out signals are already formed, at the region 
where the light absorptive layer is absent. The recording on such a medium is conducted by irradiating a recording 
laser beam from the light transmitting substrate side to deform a layer on the substrate side of the light absorptive layer. 

According to the second aspect, the present invention provides an optical information recording medium comprising 
a light transmitting substrate having a pregroove formed on its surface, a light absorptive layer of a coloring matter 
formed on the substrate, and a light reflective layer made of a metal film formed on the light absorptive layer, charac- 
terised in that 0.03 ^ AS ^ 0.3 wherein AS is the optical phase difference between the reading laser beam reflected 
from the light reflective layer at the portion corresponding to the pregroove and the reading laser beam reflected from 
the light reflective layer at the portion corresponding to the land located on each side of the pregroove, represented 
by AS = 2d sub {n sub -n abs (1 - d abs /d sub )}A, wherein d^ is the depth of the layer boundary on the substrate side of the 
light absorptive layer at the portion corresponding to the pregroove, dabs is the depth of the layer boundary on the 
light absorptive layer side of the light reflective layer at the portion corresponding to the pregroove, n^ is the real part 
of the complex refractive index of the substrate and any layer present on trie substrate side of the light absorptive layer, 
n abg is the real part of the complex refractive index of the light absorptive layer, and X is the wavelength of a laser beam 
irradiated from the substrate side; and 90 nm =S d gr =s 350 nm wherein dg, is the thickness of the light absorptive layer 
at the portion corresponding to the pregroove. 

Preferably, d^ is d sub ^ 40 nm. It is also preferred that the optical parameter p is 0.05 ^ p ^ 1.6, wherein p = 
n abs' d a>A wherein d av is the average thickness of the light absorptive layer. Further, it is preferred that the imaginary 
part of the complex refractive index of the light absorptive layer is < 0.3. A method for recording information 
on such an optical recording medium comprises forming pits in the pregroove of the optical information recording 
medium by irradiating a recording laser beam from the substrate side. By this irradiation, the light absorptive layer side 
of the substrate is deformed. 

According to the third aspect, the present invention provides an optical information recording medium comprising 
a light transmitting substrate having a pregroove formed on its surface, a light absorptive layer of a coloring matter 
formed on the substrate, and a light reflective layer made of a metal film formed on the light absorptive layer, being 
characterised in that -0.4 ^ AS ^ -0.04 wherein AS is the optical phase difference between the reading laser beam 
reflected from the light reflective layer at the portion corresponding to the pregroove and the reading laser beam re- 
flected from the light reflective layer at the portion corresponding to the land located on each side of the pregroove, 
represented by AS = 2d sub {n sub - n^l - d^d^^/X wherein d^ is the depth of the layer boundary on the substrate 
side of the light absorptive layer at the portion corresponding to the pregroove, is the depth of the layer boundary 
on the light absorptive layer side of the light reflective layer at the portion corresponding to the pregroove, n^ is the 
real part of the complex refractive index of the substrate and any layer present on the substrate side of the light ab- 
sorptive layer, n aba is the real part of the complex refractive index of the light absorptive layer, and X is the wavelength 
of a laser beam irradiated from the substrate side; and 90 nm ^ d h < 350 nm wherein d, n is the thickness of the light 
absorptive layer at the portion corresponding to the land. 
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Preferably, d eub is d^ ^ 40 nm. It is preferred that the optical parameter p is 0.05 s p s 1.6 wherein p = n K 

2x2. !T ^ ,S \ h9 ave ^9 e ; hickness of the »flht absorptive layer. It is also preferred that the imaginary part k£ 
of the complex refractive index of the light absorptive layer is 0 s 0.3. yK ^ 

™« l° r record *!* lnformation on such an optical recording medium comprises forming pits on the land of the 

2 Nnhi r '° n 7 C ° rd,n 5 m ! d i Um by irradiatin 9 a recording laser beam from the substrate side. By such irradiation, 
the light absorptive layer side of the substrate will be deformed. 
In the accompanying drawings: 

invention 9 1 * * SeCti ° na ' P° rs P ect jve vlew <* an optical information recording medium 1 of the present 

*„ K Fi9 T 2 *Z vertlc f ' cross ^ona\ view of the main part of the optical information recording medium 1 for de- 
scnb.ng the medium and the method for optically recording information on such optical information recording medium 1 
Figure 3 is a vertical cross sectional view of the main part in such a state that a pit is formed in the pregroove 6 " 
F| 9"re 4 is a graph showing the relation between the optical phase difference AS and the quantity of the reflected 

Figure 5 is a graph showing the relation between ALd (the change in the optical distance between before and after 
the recording) and ARP. (the change in the push-pull value between before and after the recording) 

Figure 6 is a graph showing the change of the push-pull over the period covering before and after the recording 

Figure 7 is a graph showing the change in the push-pull over the period covering before and after the recording 
in a case where the push-pull is reversed from negative to positive. 

Figure 8 is a graph showing the relation between p (=n abs -d av A) and the reflectance 

liohtpS^lo f o h S ^ jn9 ? 9 re,atlCn b6tWeen the ima 9 inarv P a * <W of the complex refractive index of the 
light absorptive layer 3 and the reflectance. 

Now, the present invention will be described in detail with reference to Figures 1 to 9 

Figure 1 is a partially cross sectional perspective view of an optical information recording medium 1 of the present 
invention, Figure 2 is a vertical cross sectional view of the main part of the same optical information recording medium 

i^ 9 ; 9Ur8 . 3 18 3 VGrtiCal CrOSS S9Cti0nal VleW of the main P art of the sa me optical information 
recording medium 1 alter recording. 

This optical information recording medium 1 comprises a transparent substrate 2, a light absorptive layer 3 formed 
on »» substrate 2 a light reflective layer 4 formed on this light absorptive layer 3 and a protective layer 5 formed on 
his light reflective layer 4. Further, an intermediate layer (not shown) may be provided between the substrate 2 and 
the light absorptive layer 3 or between the light absorptive layer 3 and the light reflective layer 4, as the case requires 

On the substrate 2, a pregroove 6 is formed in a spiral-shape. On each side of this pregroove 6 a land 7 i e a 
portion other than the pregroove 6, is present. ' 

The substrate 2 and the light absorptive layer 3 are in contact with each other along the first layer boundary 8 
STT' l,g 0 ht f ,s ° r P' ive la V er 3 and *• «9M reflective layer 4 are in contact with each other along the second 
layer oZS % **" * "* * 9 5 "* ^ 9aCh ° ther alon 9 the *" 

r^n^m^,!" F> ?T r JUT 3 recordina beam < a ™«*flng lase r beam) L1 is irradiated to the optical information 
recording medium 1 the light absorptive layer 3 absorbs the energy of this laser beam LI and generates heat, whereby 

♦hJ v l T , 6S P ' aCe ™ ,he SUbStrate 2 Side to form 3 pit 11 • ,n 80,116 cases ' 30 0 P«eal change takes place in 

the hght absorptive layer 3. As clearly shown in Figure 2. the depth from the first layer boundary 8 at the portion 
corresponding to the land 7 located on each side of the pregroove 6 to the deepest bottom portion of the same fS 
layer boundary 8 at the portion corresponding to the pregroove 6 is designated as b 

h „» L,kew ! se ' th f deDth ,rom ,he second ,a y er boundary 9 at the portion corresponding to the land 7 to the deepest 
bottom portion of the same second layer boundary 9 at the portion corresponding to the pregroove. is designated as 

T f?* re «' P .T ° f V 6 COmplSX re,rac,ive index of the a bove substrate 2 and any layer located on the substrate 2 
side of the first layer boundary 8 is designated as n 8ub . Namely, when the light absorptive layer 3 is formed directfy on 
the substrate 2 as illustrated in Figure 2, n^ is the real part of the complex refractive index of the substrate 2 When 
any layer located on the substrate side of the first layer boundary 8 exists, n^ is the real part of the composite complex 
refractive index of the substrate 2 and such layer. v 

The real part of the complex refractive index of the light absorptive layer 3 is designated as n te 

r-n, f V H IT? 'I^T °' 1he ' ight absor P tive 'a/*' 3 is designated as ^ Here, the average' thickness dflv is 
represented by (volume of the light absorptive layer 3)/(area of the region where the light absorptive layer 3 is formed) 
The thickness o the light absorptive layer 3 at the portion corresponding to the pregroove 6 is designated as <L 
The thickness of the light absorptive layer 3 at the portion corresponding to the land 7 is designated as d, 
The imaginary part of the complex refractive index of the light absorptive layer 3 is designated as k„ h 
The wavelength of the reading beam (reading laser beam) L2 is designated as X ~ 
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Further, the optical phase difference of this reading laser beam L2 reflected from the light reflective layer 4 between 
the portion corresponding to the pregroove 6 and the portion corresponding to the land 7, is designated as AS. Now, 
this optical phase difference AS will be described. 

Firstly, when a laser beam is irradiated from the substrate 2 side, the optical distance to the second layer boundary 
9 at the portion corresponding to the land 7 is represented by: 



n s U b- d sub +n abs* d ln 

when the first layer boundary 8 on the substrate side of the light absorptive layer 3 in the pregroove 6 is regarded as 
the reference. 

Likewise, the optical distance to the second layer boundary 9 at the portion corresponding to the pregroove 6 is 
represented by: 



n abs' d gr 

when the first layer boundary 8 on the substrate 2 side of the light absorptive layer 3 in the pregroove 6 is regarded 
as the reference. 

Accordingly, the difference ND of the optical distances is represented as follows: 



ND = (n sub .d sub + n^-dj - n^-d^ 

= n sub* d sub ■ n abs( d gr ' d ln> 

where 



d gr +d abs = d ln +d sub- 

Namely, d gr - d ln = d 6ub - d^. 
Accordingly, ND = - n^-d^ n abs - d^). 

Accordingly, when the reading beam 12 is irradiated from the substrate 2 side, the optical phase difference AS = 
2ND/X of the reading beam L2 reflected by the light reflective layer 4 between the pregroove 6 portion and the land 7 
portion is represented by: 



^sub^sub-Wl^abs^sub,)^. 

As shown in Figure 4, when AS is changed within a range of -0.5 ^ AS ^ 0.5, the reflected light becomes maximum 
at AS = 0 by the interference effect and becomes minimum at AS = ±0.5. 

The present inventors have found it possible to obtain read-out signals satisfying the CD standards within a range 
of AS ^0.3 from the results of experiments and simulation. 

Further, from the viewpoint of the practical requirements such as the uniformity of the coating layer and the mold- 
ability of the substrate 2, the optical phase difference is preferably -0.4 ^ AS ^ 0.3. 

Here, the tracking error signal i.e. the push-pull signal depends particularly on this optical phase difference AS. 

For example, when AS is a positive number (AS > 0), the optical distance at the land 7 portion is long as compared 
with the pregroove 6. 

In the recording method involving deformation of the substrate 2 at the first layer boundary 8 between the substrate 
2 and the light absorptive layer 3, the surface of the layer on the substrate 2 side of the light absorptive layer 3 deforms 
in correspondence with the deformation of this substrate 2, whereby the optical distance of the recorded portion cor- 
responding to the pit 1 1 becomes short. Accordingly, as shown in Figure 5, when the change ALd in the optical distance 
between before and after recording (the optical distance being represented by a product of the refractive index and 
the thickness of the light absorptive layer at the recorded portion) is X/4, i.e. when the change in the length of the light 
path between before and after recording is X/2, there will be no change in the push-pull value between before and after 
recording (the change AP.P. in the push-pull). Whereas, when the change ALd is less than V4, the push-pull value at 
the recorded portion tends to be large. 
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In such a case, if recording is made in the pregroove 6, the push-pull during the recording is always positive i.e. 
the phase is not reversed in the case as shown in Figure 6, whereby tracking can adequately be conducted. 

Accordingly, when AS > 0, it is preferred to conduct the recording in the pregroove, whereby recording and repro- 
duction can be conducted smoothly with a minimum variation in the push-pull as between the pit portion and the non- 
s pit portion and without inversion of the phase of the push-pull between the portion of pit 11 and the non-pit portion. 

If recording is made on the land 7 portion when AS > 0, it is likely that the push-pull level becomes 0 during the 
recording, as shown in Figure 7. If the push-pull level becomes 0, tracking during the recording will be unstable, thus 
leading to mistracking or jitter. 

As a result of the study, the present inventors have found it possible to present an optical information recording 
10 medium 1 capable of tracking on the pregroove 6 under a stabilized condition by adjusting the optical phase difference 
AS to a level within a range of from 0.03 to 0.3. If AS is less than 0.03, the push-pull at the recorded portion tends to 
be too small to conduct tracking under a stabilized condition. On the other hand, if AS is larger than 0.3, the reflectance 
at the recorded portion will be small, whereby it becomes difficult to satisfy the reflectance of at least 70% as prescribed 
in the CD standards. 

15 In the case where AS < 0, the optical distance of the pregroove 6 portion is long as compared with the land 7 

portion. As mentioned above with respect to the case where AS > 0, in the recording method involving deformation of 
the substrate 2 at the first layer boundary 8 between the substrate 2 and the light absorptive layer 3, the surface of the 
layer on the substrate 2 side of the light absorptive layer 3 deforms in correspondence with the deformation of the 
substrate 2, whereby the optical distance of the recorded portion corresponding to the pit 11 becomes short. Accordingly, 

20 as shown in Figure 5, in the case where the change ALd in the optical distance is A/4 (difference in the light path: 7J 
2), there will be no difference in the push-pull between the recorded portion and the non-recorded portion (the change 
AP.P. in the push-pull). Whereas in the case where the change ALd is less than X/4, the push-pull at the recorded 
portion tends to be large. 

If recording is made on the land 7 in such a case, the push-pull during the recording is always positive i.e. the 
25 phase is not inverted as shown in Figure 6, whereby tracking can satisfactorily be conducted. 

Accordingly, when AS < 0, it is preferred that the recording is conducted on the land 7, whereby recording and 
reproduction can be conducted under a stabilized condition with a minimum variation in the push-pul! as between the 
pit portion and the non-pit portion and without inversion of the phase between the pit 11 portion and the non-pit portion. 
Further, if recording is conducted on the pregroove 6 portion when AS < 0, the push-pull is likely to be 0 during the 
30 recording as shown in Figure 7. If the push-pull becomes 0, tracking during the recording will be unstable, thus leading 
to mistracking or jitter. 5 
As a result of the study, the present inventors have found it possible to present an optical information recording 
medium 1 capable of tracking under a stabilized condition by adjusting the optical phase difference AS to a level within 
a range of from -0.04 to -0.4. If AS is larger than -0.04, the push-pull at the recorded portion will be too small, whereby 
35 tracking will be difficult On the other hand, if this AS is smaller than -0.4, the reflectance at the recorded portion will 
be small, and it will be difficult to satisfy the reflectance of at least 70% as prescribed in the CD standards. 

Now, the depth d sub at the portion corresponding to the pregroove 6 will be described. By adjusting this c^ ub to a 
level of at least 40 nm, preferably at least 60 nm, it is possible to obtain an optical information recording medium 1 
having a high degree of modulation and little jitter or wave shape distortion, which thus satisfies the CD standards for 
40 read-out signals. 

Now, the thickness d^ at the portion corresponding to the pregroove 6 will be described. 

In a case where recording is conducted in the pregroove 6 when the optical phase difference is AS > 0, recording 
can be conducted under good condition with little wave shape distortion or jitter, when the thickness d gr at the pregroove 
6 portion is from 90 to 350 nm. 

*5 Especially when dg,. is from 150 to 300 nm, recording can be conducted under the optimum condition with a high 

degree of modulation and no substantial change in the push-pull as between before and after the recording. If d is 
smaller than 90 nm, the optical phase difference between the recorded portion and the non-recorded portion tends to 
be too small to obtain adequate degree of modulation. On the other hand, if c^ r exceeds 350 nm, jitter and waveform 
distortion will be substantial, and it becomes difficult to satisfy the CD standards with respect to the block error rate 

so (BLER). 

Now, the thickness d^ at the portion corresponding to the land 7 will be described. 

In a case where recording is conducted on the land 7 when the optical phase difference is AS < 0, excellent 
recording can be conducted with little wave shape distortion or jitter when the thickness d n at the land 7 portion is from 
90 to 350 nm. 

55 Especially when d, n is within a range of from 1 80 to 350 nm, recording can be conducted under an optimum condition 

with a large degree of modulation and no substantial change in the push-pull between before and after the recording. 
If d, n is smaller than 90 nm, the optical phase difference between the recorded portion and the non-recorded portion, 
or between before and after the recording, tends to be too small to obtain adequate modulation. On the other hand, if 
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d )n is larger 350 nm, Jitter and wave shape distortion will be substantial, whereby it becomes difficult to satisfy the CD 
standards with respect to the block error rate (BLER). 

In the foregoing, the Invention has been described with reference to an embodiment wherein a single light absorp- 
tive layer is employed. However, the same description is applicable also to a case wherein a plurality of light absorptive 
s layers exist, or an additional layer exists adjacent to the light absorptive layer. 

Further, the positive and negative symbols for push-pull used in the foregoing description, may be inverted de- 
pending upon the positive or negative setting of the player. Even when the symbol is inverted, the same description is 
applicable so long as there is no change in the symbol for push-pull between before and after recording. 

Now, the optical parameter defined by p = n abs -d a> />. will be described. 
10 From the results of the experiments and simulation by the present inventors, it has been found that p = n abs -d av / 

X is a very important parameter. Namely, with an optical information recording medium 1 having a structure such that 
a light absorptive layer 3 and a light reflective layer 4 are formed on a substrate 2, it is important that p = n abs .d av A 
wherein n^ is the real part of the complex refractive index of the light absorptive layer 3, d av is the average thickness 
of the thickness dg, of the pregroove 6 portion and the thickness d, n of the land 7 portion and X is the wavelength of 
is the reading laser beam, is set within a range of 0.05 s p £ 1 .6 to attain a reflectance of at least 70% and output signals 
with a degree of modulation \„/\ tQp of at least 60% and a degree of modulation y\ top of from 0.3 to 0.7, as prescribed 
in the CD standards. By adjusting the optical parameter p within the above range, the reflectance can be easily made 
to be at least 70% as prescribed in the CD standards. 

If p is smaller than 0.05, the thickness d av of the light absorptive layer 3 will have to be made as thin as 0.05 um 
20 or less, such being not practical from the viewpoint of the production. Accordingly, within the range of 0.05 ^ p ^ 0.6, 
a range of 0.30 ^ p ^ 0.6 is practical. In order to secure an adequate degree of modulation, the optical parameter p 
is preferably at least 0.1 . In order to obtain stabilized recording properties with a high degree of modulation, a ranqe 
of from 0.45 ± 0. 1 is most preferred. 

Further, as shown in Figure 8, even if p is higher than 0.6, if it is at the peaks on the graph of Figure 8, it is possible 
25 that the reflectance exceeds 70%. 

Within a range of from 0.6 < p < 1 .6, there are two peaks which always exist within the ranges of 0.6 < p < 1 .10 
and 1.10 <p < 1.6. At such peaks, a high reflectance can be obtained. If p > 1.6, the thickness of the layer is so thick 
that it becomes difficult to control the thickness, such being not practical from the viewpoint of production. 

The graph showing this relation between p and the reflectance, can be represented by a function which is a com- 
30 bination of an exponential function and a periodic function, whereby the amplitude of the periodic function increases 
as the value p increases. 

The amplitude of this periodic function varies depending upon parameters such as the complex refractive indices 
of the layers constituting the optical information recording medium, their thicknesses and the uniformity thereof. For 
example, if the refractive index of a layer located on the incident light side of the light absorptive layer 3 is small the 
35 reflectance shifts to a higher side in the graph. 

Further, this graph can be represented by an exponential function having the imaginary part k^ of the complex 
refractive index of the tight absorptive layer 3 and d av as parameters. As shown in Figure 9, it has been found that the 
overall decrement of the reflectance in the graph increases as k^g increases. 

From the simulation prepared by the present inventors, it has been found that so long as the light absorptive layer 
3 is homogeneous and there is no non-uniform distribution in the real part n^ of the complex refractive index and in 
the average thickness d av , there will be no variation in the periodic cycle of the peaks in the graph. 

Under certain conditions, it is also possible to increase the reflectance at the bottoms of the graph in Figure 8 by 
controlling the above-mentioned parameters. However, when the optical parameter p is set in the vicinity of the bottoms 
it becomes difficult to increase the degree of modulation and in some cases, the reflectance is likely to increase beyond 
the level prior to the recording. Thus, the optical parameter p is preferably set in the vicinity of the peaks 
Now, k^ will be explained. 

In order to obtain a high reflectance, this k^ is required to be at most 0.3. 

The present inventors have found that the numerical value of k^ is an important parameter. Namely, when this 
kabs is at most 0.3, the closer the value k^ to 0, the higher the reflectance. Therefore, this range is most preferred 
However, if the value is too close to 0, the recording sensitivity will be poor. Therefore, it is required to be larger than 
0. Specifically, it is preferably at least 0.01 . Practically, it is preferably about 0.05. 

When the optical parameter p is within a range of from 0.05 to 0.6, the imaginary part k^ of the complex refractive 
index of the same layer is preferably at most 0.3. When p is within a range of from 0.6 to 1 .6, k^ is preferably at most 0.2. 

Such definitions of the present invention are applicable even when other layers are provided. For example, in a 
case where a transparent layer such as an enhancing layer of e.g. Si0 2 or a primer layer, is provided between the 
substrate 2 and the light absorptive layer 3, such a transparent layer may be taken as a part of the substrate 2 and in 
a case where a layer such as an adhesive layer or a hard layer, is provided between the light absorptive layer 3 and 
the light reflective layer 4, such an additional layer may be taken as a second light absorptive layer 3, and the optical 
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parameter p will be p = (n r d 1+ n 2 -d 2 )/X. In a case of a plurality of layers, the optical parameter p will be p = Z(n r dj)A. 
where i is an integer and n, is the real part of the complex refractive index of each layer, and dj is the average thickness 
of each layer. In this manner, even the case involving a plurality of layers, can be dealt with in the same way. 

Likewise, a composite complex refractive index K representing the average of a plurality of k^, can be obtained 
5 by K = £d r k/ Xdj where kj is the imaginary part of the complex refractive index of each layer, and thus this case can 
be dealt with in the same manner as in the case of a single layer. 

Now, the materials and physical properties of the respective layers will be described. Firstly, the light transmitting 
substrate 2 is made of a material having high transparency with a refractive index within a range of from 1 .4 to 1 .6 to 
laser beams and is usually made of a resin having excellent impact strength. For example, a glass plate, an acrylate 
"> resin plate or an epoxy resin plate can be employed. Further, other layers such as a solvent resistant layer of e.g. SiOo 
and an enhancing layer, may be formed on the substrate 2. " 

Such a material is molded by a method such as an injection molding method. The thickness of the substrate 2 is 
preferably from 1 .1 to 1 .5 mm to satisfy the CD standards. To obtain adequate effects of the present invention, poly- 
carbonate is preferred as the material for the substrate 2. Further, the thermal expansion coefficient a of the substrate 
15 2 is preferably at a level of from 5.0 x 10" 5 to 7.0 x 1 0" 5 cm/°C. 

A tracking guide means is a provided on the surface at the absorptive layer 3 side of the substrate 2. Such a 
tracking guide means may be so-called sample servo i.e. address pits composed of pits formed at predetermined 
intervals. However, a pregroove 6 formed in a spiral shape (Figures 2 and 3) is preferred. The spiral pregroove 6 is 
used to guide the tracking when data signals are to be recorded. 

The depth of the pregroove 6 may be at any level so long as it meets the usual conditions. However, a depth of 
from 30 to 250 nm is suitable. Preferably, the depth is from 60 to 180 nm. Further, the width of the pregroove 6 is 
preferably from 0.3 to 1 .3 um The distance between one pregroove 6 to another pregroove 6 i.e. a so-called tracking 
pitch is preferably 1 .6 um. 

Further, as the tracking means such as the pregroove 6, the time code information (ATIP: absolute time in pre- 
groove) may be recorded along the edge of the pregroove 6. Such a pregroove is usually formed by pressing a stamper 
at the time of the injection molding of the substrate 2. However, it may be formed by cutting with a laser beam or by a 
2P method (photo-polymer method). 

Next, the light absorptive layer 3 is a layer of a light absorptive material formed on the tracking guide means of 
the substrate 2. It is a layer which undergoes heat generation, fusion, sublimation, deformation or property change 
when irradiated with a laser beam. This light absorptive layer 3 is formed by uniformly coating on the surface of the 
substrate 2 a cyanine dye or the like dissolved in a solvent by a method such as a spin coating method. 

As the material for the light absorptive layer 3, any conventional optical information material may be used to obtain 
the effects of the present invention. However, a light absorptive organic dye is preferred. Specifically, light absorptive 
organic dyes such as a polymethine dye, a triarylmethane dye, a pyrylium dye, a phenanthrene dye, a tetrahydrocholine 
dye, a triarylamine dye, a squarylium dye, a croconic methine dye and mellocyanine dye, may be mentioned. However 
the material of the light absorptive layer is not limited to such examples. The effects of the present invention can be 
obtained, so bng as it is a conventional optical recording material. 

Further, the light absorptive layer 3 may contain other dyes, resins (e.g. a thermoplastic resin such as nitrocellulose, 
or a thermoplastic elastomer), liquid rubber, etc. 

Specifically, isobutylene, a maleic anhydride copolymer, an ethylene-vinyl acetate copolymer, chlorinated polypro- 
pylene, polyethylene oxide, polyamide, nylon, a cumarone resin, a ketone resin, a vinyl acetate, polystyrene, PVA 
(polyvinyl alcohol) and PVE (polyvinyJ ester) may, for example, be mentioned. 

As a cellulose derivative, carboxymethyl cellulose, nitrocellulose, HPC (hydroxypropyl cellulose), HEC (hydroxye- 
thyl cellulose), MC (methyl cellulose), EC (ethyl cellulose), EHEC (ethylhydroxyethyl cellulose) or CMEC (carboxymeth- 
45 ylethyl cellulose) may be mentioned. 

As an oligomer, oiigostyrene or methylstyrene oligomer may be mentioned. 

As an elastomer rubber, a styrene block copolymer or a urethane thermoplastic elastomer may be mentioned. 
The light absorptive layer 3 is formed by applying the above-mentioned dye and optical additives dissolved in a 
known organic solvent (such as ketone alcohol, acetyl acetone, methyl cellosolve or toluene), on the surface of the 
substrate 2 having the pregroove 6, or on the surface of other layer formed on the substrate 2. 

For such application, a vapor deposition method, a LB method or a spin coating method may be mentioned. Among 
them, a spin coating method is preferred, since the thickness of the light absorptive layer 3 can easily be controlled by 
adjusting the concentration, viscosity or the drying speed of the solvent. 

As a specific method for controlling the thickness of this light absorptive layer 3, a method of changing the rotational 
speed of the spin coating, a method of conducting spin coating with a mixture of substances having different viscosities, 
a method of conducting spin coating with a light absorptive layer substance dissolved in a plurality of solvents, or a 
method of conducting spin coating with a mixture of high boiling point substances,, may be mentioned. 

Now, the light reflective layer 4 is a metal film. For example, gold, silver, copper, aluminum or an alloy thereof is 
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formed into such a metal film by a method such as a vapor deposition method or a sputtering method. Among them 
a metal Mm composed mainly of gold or an alloy containing gold is preferred, since it is required to have a reflectance 
ot at least 70%. 

Further to prevent oxidation of the light reflective layer 4, other layer such as an oxidation resistant layer may be 
formed on the light reflective layer 4. 

The protective layer 5 is formed with a resin excellent in the impact strength similar to the substrate 2 For example 
it is formed by coating an ultraviolet curable resin by spin coating, followed by irradiation with ultraviolet rays for curing' 
As other materials, an epoxy resin, an acrylate resin, a silicone hard coat resin, etc. may be used 

The protective layer 5 is usually formed by coating a monomer or oligomer of an organic compound capable of 
forming a polymer by polymerization, followed by a cross linking reaction. However, the material is not limited to such 
an organic compound. For example, an inorganic substance may be applied by a known method such as a sputtering 
method or a vapor deposition method. km 

In order to obtain a protective layer of an organic polymer by the cross linking reaction, it is advantageous from 
the operational point of view to adopt a method wherein a reaction initiator and a reaction catalyst are added in small 
amounts to a m.xture of a monomer and an oligomer of an organic polymerizable compound having at least one reactive 
acryloyl group (-CH=CH 2 ) per molecule, such a liquid mixture is coated and then cross-linked by irradiation with ultra- 
violet rays or electron beams. 

However, the cross linking method is not limited to such a specific example. For instance, a resin curable by heat 
such as an epoxy resin or a urethane resin may be employed, or the one curable with moisture in air such as a di- 
alkoxysilane coupling agent may be employed. 

The backbone chains and side chains of the cross-linked product thus obtained may be a saturated or unsaturated 
linear hydrocarbon, or may contain a cyclic compound of e.g. melamine or bisphenol type. Further, the backbone chains 
or side chains of such a cross-linked product may contain at least one other bond such as an ester bond in the form 
of a polyester, an urethane bond in the form of a polyurethane, an ion linkage in the form of an ionomer, an amide bond 
in the form of a polyamide, an imide bond in the form of a poVimide, a sulfone bond in the form of a polysulfone or a 
sulf.de bond .n the form of a polysulfide. It may be a copolymer compound containing two or more such bonds or it 
may be a block polymer. 

Further, these cross-linked products may contain a fluorocarbon in their side chains in order to improve their mois- 
ture resistance or may contain epoxy resins to prevent the degradation by a hydrogen halide 

Further, they may contain hydroxy! groups, carboxyl groups, acrylic groups, amino groups or vinyl acetate groups 
in the.r s.de chains in order to improve the adhesion to the light reflective layer 4. The backbone chains or side chains 
may contain a basic acid. 

For the formation of the protective layer 5. the coating solution may contain in addition to the resin, the reactants 
and the reaction .nitiator, a solvent or a diluent to improve the coating properties. Further, to stabilize the coated film 
a leveling agent, a plasticizer. an antioxidant, an antistatic agent, etc. may be incorporated. Further, if necessary the 
coating solution may be colored with a pigment or a dyestuff. 

The curing of the resin may be controlled by adjusting the cross linking density of the cross-linked structure or by 
adjusting the concentration of the reactive acryloyl groups. The curing may also be varied depending upon the degree 
of f reeness of the molecular rotation of the oligomer itself which forms the backbone chain 

In the optical information recording medium 1 of the present invention, a layer behind the light absorptive layer 3 
relative to the light transmitting substrate 2, such as the light reflective layer 4 or the protective layer 5 is preferably 
made of a material having a heat distortion temperature and a haroness higher than the layer on which pits 11 are 
formed. By forming the layer behind the absorptive layer 3, with a hard material, the block error rate of recorded signals 
can effectively be reduced. a 

Within the practical environmental temperature i.e. from -15°C to 70»C as prescribed in the CD standards by 
adjusting the hardness of the protective layer 5 to a level of a pencil hardness of at most 2H, it is possible to control 
the deformafion of the second layer boundary 9 at the light reflective layer 4 side of the light absorptive layer 3 Con- 
sequently, the wave-form distortion can be controlled, and excellent recording with a minimum BLER (block error rate) 
can be attained. BLER tends to increase as the hardness of the protective layer 5 decreases 
,„ ^ n « US !'^ the ' hermal exDansion efficient a of the protective layer 5 to a level within a range of from 1 5 x 
10- to 9.0 x 10-s within the practical environmental temperature of from -15">C to 70<>C, this protective layer 5 shows 
a thermal volume change similar to the substrate 2, whereby the optical information recording medium 1 will hardly 
undergo warping as a whole even when subjected to a heat. 

a . !" 3 Ca , se )*? re a is 1088 ,han 1 5 x 1 °- 6 - the substrate 2 will expand more by the thermal expansion under heating, 
and the opt.cal in formation recording medium 1 will warp to the protective layer 5 side, whereby a tension will be created 
in each layer on the substrate 2, thus leading to an increase of jitter of the recorded pits 11 

When a is larger than 9.0 x 1 0-6, the protective layer 5 will expand more by thermal expansion under heating and 
the protective layer 5 will sag, whereby ply separation will take place between the light absorptive layer 3 and the light 
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reflective layer 4 or between the light reflective layer 4 and the protective layer 5 

When the shrinkage of the protective layer 5 is adjusted to be not higher than 1 2%, even if it is cured and subjected 
to a heat cycle test to remove a strain of the resin, no cracking appears on the protective layer 5. In consideration with 
the mechanical strength, this shrinkage is preferably at most 10%. 

Furthermore, an oxidation resistance layer to prevent oxidation of the light reflective layer 4 may be interposed 
between the light reflective layer 4 and the protective layer 5. 

Recording on the optical information recording medium of the present invention can be conducted by a conventional 
optical information recording apparatus as described below. Namely, the optical information recording medium 1 is 
disposed so that the surface of the light transmitting substrate 2 faces the laser irradiation means i.e. the pick up side 
of the op heal information recording apparatus. While rotating this optical information recording medium 1 by a spindle 
motor, a laser spot modulated into a signal prescribed in the CD standards is irradiated to the light absorptive layer 3 
of the optical information recording medium 1 by the pick up to form a pit 11, under tracking by means of the above- 
mentioned tracking guide means. 

In the optical information recording method according to the present invention, it is preferred to irradiate a laser 
spot with a wavelength X of about 780 nm. Further, with respect to the CD standards, the linear speed is required to 
be at a level of from 1.2 to 1.4 m/sec. and the recording power may be at a level of from 6 to 9 mW. Namely, with a 
commercially available CD player, recording can be conducted by increasing the recording power to a level higher than 
the power for play back. 3 

At the time of this recording, when the land 7 portion between the pregrooves 6 is optically bright depending upon 
he. conditions such as the thickness of the light absorptive layer 3, as described above, it is preferred to irradiate the 
laser beam to form pits 11 in the pregroove 6. When the pregroove 6 is optically bright, it is preferred to form pits 11 
on the land 7 portion. 

By forming pits 1 1 under such conditions, the difference in the brightness ol the reflected light of the reading laser 
beam for play back will be distinct, and a high degree of modulation can be obtained. 

Thus, it is readily possible to obtain an optical information recording medium 1 capable of providing readout siqnals 
satisfying the CD standards. 

The optical information recording medium 1 of the present invention is preferably of the type shown in Figure 3 
wherein when a recording laser beam L1 is irradiated from a substrate 2 side to the light absorptive layer 3 this light 
absorptive layer 3 absorbs the laser beam L1 and generates heat, whereby the surface of the substrate 2 is localfv 
deformed to form pits 11 on the surface of the substrate 2. 

Otherwise it may be of the type wherein the light absorptive layer 3 undergoes an optical change whereby pit 11 
will be formed. 

■ , JL Urther '- thef ! iS 8 ° aSe Wherein a com P° nent ,use ° or decomposed by the irradiation with the above laser beam 
L1 diffuses into the softened substrate 2 and will be partially mixed and or chemically reacted with the components 
constitute the substrate 2 to form there a portion which is optically different from other portions of the light absorptive 
layer 3 or the substrate 2 and which thus constitutes a pit 11. a^orpuve 

Reproduction of the recorded signals can be conducted by irradiating a reading laser beam L2 from the substrate 
2 side and reading the difference in the brightness due to the optical phase difference AS between the reflected liqht 
irom the pit 1 1 portion and the reflected light from the portion other than the pits 11 . 

Further, the present invention is applicable not only to an optical information recording medium 1 wherein the light 
absorptive layer 3 is formed substantially over the entire surface of the substrate 2, but also to an optical information 
recording medium wherein a part of the substrate 2 is a recordable region having the light absorptive layer 3 and the 
rest of the substrate 2 is a ROM region having pits 11 capable of reproducing CD formatted signals. Such an optical 
information recording medium may be prepared, for example, by preliminarily forming by e.g. a stamper, pits for read- 
out signals at the portion corresponding to the ROM region on the surface of the substrate and forming a light absorptive 
layer 3 only at the outer recordable region. H 
, »u W ^w Ch 3n Wormation re «>rding medium, it is possible to preliminarily record the same data in a large quantity 
at the ROM region, and the ROM region is free from errors such as inadvertent erasure or misrecordirig since there 
is no light absorptive layer 3 in this region. Further, at the region where the light absorptive layer 3 exist, the user can 
record optonal data as he wishes. And, this recorded data can be reproduced with the signals prescribed by the CD 
standards, and therefore can be reproduced by commercially available CD players in the same manner as the infor- 
mation recorded on the ROM region. 

Now, the present invention will be described in detail with reference to Examples. However, it should be understood 
that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

A polycarbonate substrate of a disk shape having a thickness of 1.2 mm, an outer diameter of 120 mm and an 
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inner diameter of 15 mm and having a spiral pre groove formed on its surface with a width of 0.4 pm, a depth of 130nm 
and a pitch of 1 .6 urn, was formed by injection molding. 

As a cyanine dye. 0.55 g of l.l'-dibutyl-a.S.S-.S'-tetramethyl^.S^'.S'-dibenzoindodicarbocvanine oerchlorate 
(product number NK3219. manufactured by Nippon Kanko Shikiso K.K.) was dissolved ^ 0 S an aceS acetone 

did ? 0 orit°h n ,i spee ?- t redu K° ed to 300 rpm - and the rotati ° n was TOn,inued unt » »• *« v^s zssss 

a sorSve fayer was SSTSdlT ? 8 ^ °' 150 ^ ^ in the gr00ve of this 

m fl th^. er ^ h l en,ire f^ 806 °' thiS di8k> 8 9 °' d film havin9 a thickness 01 60 nm was formed by a vacuum deposition 
method Further, on th.s reflect™ layer, an ultraviolet curable resin was spin-coated and then cured by irradiatfmS 
ultrav.olet rays, to form a protective layer having a thickness of 10 pm V '" aa,aUOn w,,h 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
f, , 9 " nea : SPSed ° f 12 m/Se ° With 8 reCOrdin9 P° wer of 68 mV * <° record EFM signaS Tneftn" 
Eh onZreS T fdln K 9 T P ' ayed b3Ck by 3 commereia »y ""-"-"a CD player (Aurex XR-V73 wave! 

2a. in EiS, ^ = 780 3 ' aSer With 3 reading P ° Wer * 0 5 mW >" the reflectance of the 

o£?J Z^Tt? 6 *" 1 W3S 735%1 V'*' 0bta,ned from the ^ P attern °' tne '«* out signals was 
0.78. yi top was 0.45, the block enor rate was 2.0 x 1 0-3 an d the push-pull value was 0.067. Thus the optical information 
recording medium fully satisfies the requirements prescribed in the CD standards. information 

EXAMPLE 2 

On a polycarbonate substrate molded in the same manner as in Example 1, 0.65 g of the same cyanine dve as 
oi I™ T Pte J diSSOlVed in 10 "* °' an aoet y ,a ^«°ne soKrent, was coated by spin coating iTroSZl^peed 
r ab ° Ut i Se ^° nd8 - Wh6n 4,10 film - fofmi "9 s,a ^, the rotational speed was reduced to 800 rpm and'ne 
rotation was continued until the film was sufficiently dried to form a light absorbs layer having a thickness fS f 160 

«, aa ?T ^, Pth ^ in ! he 9roove of this "AW absorptive layer was 75 nm, and the complex refractive index (n „ ) 
p * 8 Wavele " 9,h W °' ,he readinQ laser ° ea " was 780 nm, and the optical parameter (p) at thlumeSE 
055. Further, since the refractive index (n sub ) of the polycarbonate as the substrate materia. wa5 faCS 
phase difference (AS) between the pregroove and the land in a non-recorded state was 0 1 5 

meth^u^™ T?i? Tf SK , 3 9 °' d fl ' m havin9 8 thickneSS of 60 nm for ™ d «* a va ^«m deposition 
SSSto ™ 7 "9"t reflectn/e layer, an ultraviolet curable resin was spin-coated and cured by irradiation wUh 
ultraviolet rays to form a protective layer having at thickness of 1 0 pm. «u«uon wim 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelenoth of 780 nm 

zz? f srsrrsri? wfth a recordin9 power ° f 69 mw - to rec ° rd sssstins 

"I 3 I T! ' „ ' 8 ° Pt,Cal ,n,orma,ion recordin 9 medium was played back by a commercially available 
CD player, whereby the reflectance of the optical information recording medium was 70.3% L./l, obtained from Se 
eye pattern of the read-out signals, was 0.75, l^ was 0.42, the block error rate was 2. x SJS Si! 
CD shards ° P,iCa ' in, ° rmati ° n r ~ ording ™ dium suffici -«y ««isfies the requirements^^ £K 

45 EXAMPLE 3 

innefd^m!^^ SUbStra,e ° f a disk sna P e ha ™9 a thickness of 1.2 mm. an outer diameter of 120 mm and an 
nmldTnich i 1 1?" haV '" 9 9 Spifal Pre9rO0Ve ,0rmed ° n fts surface with a widtn of 0.3 pm, a depth of 1 1S 
0 50 n Q f ,h P rf a T by ini6Cti0n m0ldin9 - T ° the P^camonate substrate molded in this manner 

O50 g o the same cyanine dye as used in Example 1 dissolved in 10 m€ of an acetylacetone solvent was cclfed bv 

SeravTn^Sr '^TST ^ WaS * ied «° fo ™ a lig "' abs ive 

2 7 ^i^ « ! hS 9,OOVe °' miS li9W absor Ptive layer was 66 nm and the complex refractive index (n O was 
u 2rt n *, W ° f r9adinQ ' aSer bSam Wa8 780 nm ' and ,he °P ,ical P^«ter (p) at that time SjoS 
Serance ^ hi ?T '"^ (neub) °' the P o| y carbo " a,e as *• substrate materia, was 1.58, the optS phfa 
difference (AS) between the pregroove and the land in a non-recorded state was -0 068 

Over the entire surface of this disk, a reflective layer and a protective layer were formed in the same manner as 
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in Example 1 . To the optical information recording medium thus obtained, a semiconductor laser having a wavelength 
of 780 nm was irradiated at a linear speed of 1.2 m/sec with a recording power of 6.8 mW, to record EFM signals 
Then, this optical information recording medium was played back by a commercially available CD player, whereby the 
reflectance of the optical information recording medium was 77.5%, obtained from the eye pattern of the read- 
out signals, was 0.65, l^ lop was 0.40, the block error rate was 5.2 x 10* and the push-pull value was 0 055 This 
optical information recording medium sufficiently satisfies the requirements prescribed in the CD standards. 

EXAMPLE 4 

A polycarbonate substrate having a thickness of 1 .2 mm, an outer diameter of 1 20 mm and an inner diameter of 
mm and having a spiral pregroove formed on its surface with a width of 0.8 pm, a depth of 180 nm and a pitch of 1 6 
urn, was formed by injection molding. To. the polycarbonate substrate thus molded, 0:60 g of the same cyanine dye as 
used in Example 1 dissolved in 10 m€ of an acetylacetone solvent, was coated by spin coating method at a rotational 
speed of 2500 rpm for about 5 seconds. When the film-forming started, the rotational speed was reduced to 1 500 rpm 
and the rotation was continued until the film was sufficiently dried to form a light absorptive layer having a thickness 
(d g ) of 1 50 nm. 3 

The depth (d abs ) in the groove of this light absorptive layer was 118 nm and the complex refractive index (nabs) 
was 2.7. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 
0^52. Further, since the refractive index (n 8Ub ) of the polycarbonate as the substrate material was 1 58 the optical 
phase difference (AS) between the pregroove and the land in a non-recorded state was 0.3 

Over the entire surface of this disk, a reflective layer and a protective layer were formed in the same manner as 
in Example 1. 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1.2 m/sec with a recording power of 6.8 mW. to record EFM signals Then this 
optical information recording medium was played back by a commercially available CD player, whereby the reflectance 
of the optical information recording medium was 70.0%, \„/\ iop obtained from the eye pattern of the read-out signals 
was 0.61 , lyi^ was 0.32. the block error rate was 5.5 x 1 0" 3 , and the push-pull value was 0.070. This optical information 
recording medium fully satisfies the requirements prescribed in the CD standards. 

EXAMPLE 5 

A potycarbonate substrate having a thickness of 1 .2 mm, an outer diameter of 120 mm and an inner diameter of 
mm and having a spiral pregroove formed with a width of 0.4 pm, a depth of 180 nm and a pitch of 1 .6 pm was formed 
by injection molding. To the polycarbonate substrate thus molded, a solution having 0.65 g of the same' cyanine dye 
as used in Example 1 dissolved in 1 0 m€ of an acetylacetone solvent and having 0. 1 g of 6-nylon (Mw = 35000) further 
dissolved, was coated by spin coating at a rotational speed of 3000 rpm for about 5 seconds. When the film-forming 
started, the rotational speed was reduced to 300 rpm, and the rotation was continued until the film was sufficiently 
dried to form a light absorptive layer having a thickness (d g ) of 250 nm. 

The depth (d^) in the groove of this light absorptive layer was 10 nm and the complex refractive index (n uj was 
2.4. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 0 77 
Further, since the refractive index (n sub ) of the polycarbonate as the substrate material was 1.58, the optical phase 
difference (AS) between the pregroove and the land in a non-recorded state was -0.32. 

Over the entire surface of this disk, a reflective layer and a protective layer were formed in the same manner as 
in Example 1 . 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1 .2 m/sec with a recording power of 6.8 mW, to record EFM signals in the same 
manner as in Example 1 . Then, this optical information recording medium was played back by a commercially available 
CD player, whereby the reflectance of the optical information recording medium was 70.5%, !„/!_ obtained from the 
eye pattern of the read-out signals, was 0.65. iyi top was 0.35, the block error rate was 3.0 x 10* and the push-pull 
value was 0.048. This optical information recording medium fully satisfies the requirements prescribed in the CD stand- 
ards. 

EXAMPLE 6 

A polycarbonate substrate of a disk shape having a thickness of 1.2 mm, an outer diameter of 120 mm and an 
inner diameter of 15 mm and having spiral prepits 8 capable of reproducing CD formatted signals formed with a width 
of 0.6 pm, a depth of 0.08 nm and a pitch of 1 .6 pm in a range of the diameter of from 46 to 100 mm (ROM region) 
and having spiral pregroove formed with a width of 0.8 pm, a depth of 50 nm and a pitch of 1.6 pm in a range of a 
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diameter of from 100 to 117 mm (recordable region) outside the ROM region, was formed by injection molding To the 
portion out 8l de the diameter of 100 mm i.e. the recordable region only, of the polycarbonate substrate thus formed 
0.55 g of the same cyanine dye as used in Example 1 dissolved in 10 m€ of an acetylacetone solvent, was coated by 
spin coating at a rotational speed of 3000 rpm for about 5 seconds. When the film-forming started, the rotational speed 
was reduced to 300 rpm, and the rotation was continued until the film was sufficiently dried to form a liqht absorptive 
layer having a thickness (d g ) of 150 nm. y H 

™ e ete P* < d ab S ) in the groove of this light absorptive layer was 40 nm and the complex refractive index (n ahs ) was 
2.7. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 0 52 
Further, since the refractive index (n sub ) of the polycarbonate as the substrate material was 1.58, the optical phase 
difference (AS) between the pregroove and the land in a non-recorded state was 0 13 

Over the entire surface of this disk, a reflective layer and a protective layer were formed in the same manner as 
in example 1 . 

To the recordable region of the optical information recording medium thus obtained, a semiconductor laser having 
a wavelength of 780 nm was irradiated at a linear speed of 1 .2 m/sec with a recording power of 6 8 mW, to record EFM 
signals, in the same manner as in Example 1. Then, this optical information recording medium was played back by a 
commercially available CD player, whereby the reflectance of the optical information recording medium was 75 0% 

!d top °* a,ned trom the eve P attem of the read-out signals, was 0.60, iyi to was 0.31 , the block error rate was 6 0 x 
10*3 and ^3 push . pu || value was 0 070 ^ optjca| information recording medium fl% satisfies the requjrements 

prescribed in the CD standards. 
COMPARATIVE EXAMPLE 1 

To the same polycarbonate substrate as molded in Example 1 , 0.55 g of the same cyanine dye as used in Example 
1 dissolved in 10 m€ of an acetylacetone solvent, was coated by spin coating at a rotational speed of 3000 rpm and 
the rotation was continued until the film was sufficiently dried to form a light absorptive layer having a thickness (d ) 
of 1 30 nm. " 9 

The depth (d^J in the groove of this light absorptive layer was 105 nm and the complex refractive index (n^ ) 
was 2.7. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 
0^45. Further, since the refractive index (n sdb ) of the polycarbonate as the substrate material was 1 58 the optical 
phase difference (AS) between the pregroove and the land in a non-recorded state was 0.35 

Over the entire surface of this disk, a gold film having a thickness of 60 nm was formed by a vacuum vapor dep- 
osition. Further, on this reflective layer, an ultraviolet curable resin was spin-coated and then cured by irradiation with 
ultraviolet rays, to form a protective layer having a thickness of 10 um 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1 .2 m/sec at a recording power of 6.8 m W, to record EFM signals in the same manner 
as in Example 1. Then, this optical information recording medium was played back by a commercially available CD 
player, whereby the reflectance of the optical information recording medium was 63.0%, \ u /\ tOD obtained by the eye 
pattern of the read-out signals, was 0.75, l^ was 0.52, the block error rate was 3.0 x 10-3, a £ d the push . pU || va , ue 
was 0.087. Thus, when AS Is 0.35, the reflectance is low, and the push-pull value is poor, whereby the requirements 
prescribed in the CD standards can not be satisfied. 

EXAMPLE 7 

A polycarbonate substrate of a disk shape having a thickness of 1.2 mm, an outer diameter of 120 mm and an 
inner diameter of 1 5 mm and having a spiral pregroove 6 formed with a width of 0.5 nm, a depth of 100 nm and a pitch 
of 1 .6 jim, was formed by injection molding. 

no. ^ 3 ° yanine dy8, °' 65 9 ° f 1 ' 1 '-^"ty 1 - 3 * 3 '^ 3 ^ 0 ^™^^ perchlorate (NK- 

321 9, manufactured by Nippon Kanko Shikiso K.K.) was dissolved in 10 m€ of diacetone alcohol, and the solution was 
spin-coated on the above substrate by changing properly the rotational speed, to form a light absorptive layer havinq 
an average thickness of 140 nm. y y 

The depth (d abs ) in the pregroove 6 of this light absorptive layer was 49 nm and the complex refractive index (n K ) 
n ! o I ? G wavelen 9 th W of the reading laser beam was 780 nm, and the optical parameter (o) at that time was 
0.48. Further, since the refractive index (n^) of the polycarbonate as the substrate material was 1.58, the optical 
phase difference (AS) between the pregroove and the land in a non-recorded state was 0.052 Further from the above 
results, the thickness (d^) of the pregroove 6 was 1 75 nm. 

Overtheentiresurfaceof^^ 
method. Further, on this light reflective layer, an ultraviolet curable resin was spin-coated and cured by irradiation with 
ultraviolet rays to form a protective layer having a thickness of 10 ysx\ 



13 



EP 0 410 183 B1 



is 



20 



30 



35 



40 



45 



SO 



To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1 .4 m/sec for recording, whereby the optimum recording power was 7.2 mW. With 
this power, EFM signals were recorded at the pregroove portion, and the optical information recording medium was 
played back by a commercially available CD player (Aurex XR-V73, wavelength of the reading laser beam' 780 nm a 
laser having a read-out power of 0.5 mW), whereby the reflectance of the optical information recording medium was 
77.3%, the degree of modulation \^l\ Xop obtained from the eye pattern of the read-out signals was 0 73 M te was 
0.42, the block error rate was 1 .6 x 10* and the push-pull value was 0.067. This optical information recording medium 
sufficiently satisfies the requirements prescribed in the CD standards. 



10 COMPARATIVE EXAMPLE 2 



To the land portion in the non-recorded area of the optical information recording medium prepared in Example 7, 
EFM signals were recorded at a linear speed of 1.4 m/sec with the optimum recording power using a semiconductor 
laser having a wavelength of 780 nm. Then, this recorded portion was played back in the same manner as in Example 
7, whereby the block error rate was 5.0 x 1 Cr* and the push-pull value during the play back was 0 019 Each of these 

Values does not Satisfv the CD stanriarrlc 



values does not satisfy the CD standards. 
EXAMPLE 8 



To the polycarbonate substrate molded in the same manner as in Example 7, 0.78 g of the same cyanine dye as 
used in Example 7 dissolved in 10 m€ of a diacetone alcohol solvent, was coated by spin coating by appropriately 
changing the rotational speed. The thickness (d av ) after the film-formation was 260 nm. 

The depth (d sub ) in the pregroove of this light absorptive layer was 57 nm, and the complex refractive index (n^ 
was 2.7. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 0 90 
25 Further, AS in a non-recorded state at that time was 0.11. 

The thickness (d gr ) of the light absorptive layer in the pregroove was 290 nm. 

Over the entire surface of this disk, a gold film having a thickness of 60 nm was formed by a vacuum vapor deposition 
method. Further, on this light reflective layer, an ultraviolet curable resin was spin-coated and cured by irradiation with 
ultraviolet rays to form a protective layer having a thickness of 10 um 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1 .4 m/sec for recording in the same manner as in Example 7, whereby the optimum 
recording power was 5.2 mW. With this power, EFM signals were recorded at the pregroove portion of the optical 
information recording medium. Then, the recorded portion was played back in the same manner as in Example 7 
whereby the reflectance was 73.2%, \„f\ top of the read out signals was 0.85, l^ top was 0.45, the block error rate was 
2.2 x 1 0* and the push-pull value was 0.053. This optical information recording medium fully satisfies the requirements 
prescribed in the CD standards. 



COMPARATIVE EXAMPLE 3 

To the land portion in the non-recorded area of the optical information recording medium prepared in Example 8 
EFM signals were recorded at a linear speed of 1.4 m/sec at the optimum recording power using a semiconductor 
laser having a wavelength of 780 nm. Then, this recorded portion was played back in the same manner as in Example 
7, whereby the block error rate was 7.8 x 10-2, and the p Ush -pull value during the play back was 0 022 Each of these 
values does not satisfy the CD standards. 

EXAMPLE 9 

A polycarbonate substrate of a disk shape having a thickness of 1.2 mm, an outer diameter of 120 mm and an 
inner diameter of 15 mm and having a spiral pregroove formed with a width of 0.7 urn, a depth of 100 nm and a pitch 
of 1 .6 nm, was formed by injection molding. 

Asacyaninedye,0.70gof1,1'-dibutyl-3,3,3^^ 
3219, manufactured by Nippon Kanko Shikiso K.K.) was dissolved in 10 m€ of diacetone alcohol. This solution was 
spin-coated on the above substrate by appropriately changing the rotational speed, to form a light absorptive layer 
having an average thickness d av of 210 nm. 

The depth (d abs ) in the pregroove of this light absorptive layer was 12 nm, and the complex refractive index (n^) 
was 2.7. Since the wavelength (X) of the reading laser beam was 780 nm, the optical parameter (p) at that time was 
0.73. Further, since the refractive index (n^) of the polycarbonate as the substrate material was 1 58 the optical 
phase difference (AS) between the pregroove and the land in a non-recorded state was -0.20. Further from the above 
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results, the thickness (d, n ) at the land was 172 nm. 

Over the entire surface of this disk, a gold film having a thickness of 60 nm was formed by a vacu urn vapor deposition 
method. Further, on this light reflective layer, an ultraviolet curable resin was spin-coated and cured by irradiation with 
ultraviolet rays to form a protective layer having a thickness of 1 0 um 

5 To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 

was irradiated at a linear speed of 1.4 m/sec for recording, whereby the optimum recording power was 6.5 mW. With 
this power, EFM signals were recorded on the land portion, whereby the reflectance of the optical information recording 
medium was 74.5%, \ n /\ top obtained from the eye pattern of the read-out signals, was 0.82, y\ t was 0 42, the block 
error rate was 1.8 x 10* and the push-pull value was 0.048. This optica) information recording medium fully satisfies 

io the requirements prescribed in the CD standards. 

COMPARATIVE EXAMPLE 4 



To the pregroove portion in the non-recorded area of the optical information recording medium prepared in Example 
9, EFM signals were recorded at a linear speed of 1 .4 m/sec with the optimum recording power using a semiconductor 
laser having a wavelength of 780 nm. Then, this recorded portion was played back in the same manner as in Example 
9, whereby the block error rate was 8.5 x 10-2, and the push pu „ va|u0 durjng the p , ay back wgs Q 009 £ach Qf thesQ 
values does not satisfy the CD standards 



values does not satisfy the CD standards. 
20 EXAMPLE 10 



A polycarbonate substrate molded in the same manner as in Example 9, 0.85 g of the same cyanine dye as used 
in Example 9 dissolved in 10 m€ of diacetone alcohol solvent, was coated by spin coating by appropriately changing 
the rotational speed. The thickness (drafter the film forming was 240 nm. v 

The depth (d sub ) in the pregroove of this light absorptive layer was 10 nm, and the complex refractive index (n^J 
was 2.7. The wavelength (X) of the reading laser beam was 780 nm, and the optical parameter (p) at that time was 
0.83. Further, AS in a non-recorded state at that time was -0.22. Further, the thickness (d h ) of the light absorptive laver 
on the land was 201 nm. 

Over the entiresurf ace of this disk, a gold film having a thickness of 60nm wasformed by avacuum vapor deposition 
method. Further, on this light reflective layer, an ultraviolet curable resin was spin-coated and then cured by irradiation 
with ultraviolet rays to form a protective layer having a thickness of 1 0 urn 

To the optical information recording medium thus obtained, a semiconductor laser having a wavelength of 780 nm 
was irradiated at a linear speed of 1 .4 m/sec for recording in the same manner as in Example 9, whereby the optimum 
recording power was 6.0 mW. With this power, EFM signals were recorded at the pregroove portion of the optical 
information recording medium. Then, the recorded portion was played back in the same manner as in Example 9 
whereby the reflectance was 72.1%, \„/\ top of the read-out signals was 0.84, lg/] top was 0.42, the block error rate was 
1 .9 x 10-3, and tne p U sh-pull value was 0.052. Further, the push-pull value at the non-recorded portion was also 0.052. 
Thus, this optical information recording medium fully satisfies the requirements prescribed in the CD standards. 



40 COMPARATIVE EXAMPLE 5 



To the pregroove portion in the non-recorded area of the optical information recording medium prepared in Example 
1 0, EFM signals were recorded at a linear speed of 1 .4 m/sec with the optimum recording power using a semiconductor 
laser having a wavelength of 780 nm. Then, this recorded portion was played back in the same manner as in Example 
9, whereby the block error rate was 8.0 x 10*1, and the push-pull value during the play back was 0 012 Each of these 
values does not satisfy the CD standards. 

As described in the foregoing, according to the present invention, by adjusting the optical phase difference AS 
the thickness of the light absorptive layer at the land portion and the depth of the pregroove to prescribed levels, it is 
possible to provide an optical information. recording medium capable of satisfying the values prescribed in the current 
CD standards, particularly the push-pull value prescribed in the CD standards as well as the prescribed values for the 
reflectance and the degree of modulation, and a method for recording on such an optical information recording medium 



Claims 
1. 



An optical information recording medium (1 ) comprising a light transmitting substrate (2) having a spiral pregroove 
(6) formed on its surface, a light absorptive layer (3) of a coloring matter formed on the substrate and a light 
reflective layer (4) made of a metal film formed on the light absorptive layer (3) 
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characterized In that 

- 0.4 s AS <; 0.3. wherein AS is the optical phase difference represented by AS = 24*^^ - n h (1 - d ^d 
A. wherein d 8Ub is the depth of the layer boundary (8) on the substrate side of the hghTlbso^tive layer (3) at 
he portion corresponding to the pregroove (6), dabs is the depth of the layer boundary (9) on the light absorp- 
t,ye layer s.de of the light reflective layer (4) at the portion corresponding to the pregroove, n^ is the real part 
of the complex refractive index of the substrate and any layer present on the substrate side of the light ab- 
sorptive layer (3). n^ is the real part of the complex refractive index of the light absorptive layer (3) and X is 
the wavelength of a laser beam irradiated from the substrate (2) side; 

and in that other layers may be interposed between the lighttransmitting substrate (2) and the light absorptive layer 
(3), or the light reflective layer (4) and the light absorptive layer (3). 

The optical information recording medium according to Claim 1 , wherein d, ub is d sub > 50 nm. 

The optical information recording medium according to Claim 1 , wherein the light absorptive layer (3) is formed 
on a part of the light transmitting substrate (2) and a ROM area wherein pits for readout signals are already formed 
is provided at the region where the light absorptive layer is absent. 

A method for optically recording information on an optical information recordinq medium 
characterized In that 

the optical recording medium of Claim 1 is used, and the recording is conducted by irradiating a recording laser 
beam from the light transmitting substrate side to deform the optical recording medium on the substrate side of 
me iignt absorptive layer. 

The method according to Claim 4. wherein d^ is d^ 2 50 nm. 

An optical information recording medium (1) comprising a light transmitting substrate (2) having a pregroove (6) 
ormed on its surface, a light absorptive layer (3) of a coloring matter formed on the substrate, and a Hght reflects 
layer (4) made of a metal film formed on the light absorptive layer (3), renecwe 
characterized in that 

0.03 £ AS s 0.3 wherein AS is the optical phase difference between the reading laser beam reflected from the light 
ulV%? f er , ( ] a V hS P 1 rti ° n corres P° ndin 9 to the pregroove (6) and the reading laser beam reflected from the 
r « f ' ec, 'va layer (4) at the portion corresponding to the land located on each side of the pregroove (6) repre- 
rtw!?* r uT 2dsub{n ? ub ." nabs(1 " d abs/dsub»A wherein d sub is the depth of the layer boundary on the substrate 
side of the light absorptive layer (3) at the portion corresponding to the pregroove (6). d^ is the depth of the layer 
™Z ^ 9 1 abSC T iVe ,a y er side of ,he «8hl reflective layer (4) at the portion corresponding to the pre- 
groove (6), n sub is the real part of the complex refractive index of the substrate and any layer present on the 

SSL'S lig ^ ab ?K orp,ive tayer (3) ' ^ fe ,he reai part ° f th ° comp,ex re,ra " tive inSrsiTiS 

absorpt^e layer (3). and X ,s the wavelength of a laser beam irradiated from the substrate (2) side; and 90 nm <; 
dg, s 350 nm wherein dg, is the thickness of the light absorptive layer at the portion corresponding to the pregroove 

An optical information recording medium (1) comprising a light transmitting substrate (2) having a pregroove (6) 

Z7uZlTT^ K? a T WP T 'T' (3) " 3 COl ° rin9 maMer ,0rmed ° n «» substrate ' and a »9ht reflectLe 
layer (4) made of a metal film formed on the light absorptive layer, 

characterized In that 

" t °K 4 f if S ^"? 4 Wh6rein AS iS me ° ptiCal phase dif,erence b °*»een the reading laser beam reflected from 
the light reflective layer (4) at the portion corresponding to the pregroove (6) and the reading laser beam 
reflected from the light reflective layer (4) at the portion corresponding to the land located on each side of the 
*SS?£ H^Tr^ ¥ AS = 2deub{n «"> • nab * (1 • d ^ d sub)>A wherein d^ is the depth of the layer 
STSS • * ? ! S , th ° li9W absorp,ive la V er W at ,ne Potion corresponding to the pregroove 

(6). dabs is the depth of the layer boundary on the light absorptive layer side of the light reflective layer (4) at 
the portion corresponding to the pregroove (6), n^ is the real part of the complex refractive index of the 
substrate and any layer present on the substrate side of the light absorptive layer (3). r^, is the real part of 
he complex refractive index of the light absorptive layer (3), and X is the wavelength of a laser beam irradiated 
from the substrate (2) side; and 90 nm s d 1n s 350 nm wherein d*. is the thickness of the light absorptive layer 
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(3) at the portion corresponding to the land. 

8. The optical information recording medium according to Claim 6 or 7, wherein ct^ z 40 nm. 

9. The optical information recording medium according to Claim 6, 7 or 8, wherein 0.05 <; p <; 1 .6 wherein p = n ^ . 
d av /X wherein d av is the average thickness of the light absorptive layer (3). 

10. The optical information recording medium (1) according to Claim 6, 7, 8 or 9, wherein fc^ < 0.3, wherein Iw is 
the imaginary part of the complex refractive index of the light absorptive layer (3). ' 

11. A method for recording information on an optical recording medium of Claim 6, which comprises forming pits in 
the pregroove (6) of the optical information recording medium (1) .by irradiating a recording laser beam from the 
substrate side. 

12. A method for recording information on an optical recording medium of Claim 7, which comprises forming pits on 
the land of the optical information recording medium by irradiating a recording laser beam from the substrate side. 

13. The method according to Claim 11 or 12, wherein the light absorptive layer side of the substrate is deformed by 
the irradiation of the recording laser beam from the substrate side. 



Patentanspruche 

1. Optischer Datenaufzeichnungstrager (1 ) mil einem lichtdurchlassigen Substrat (2) mit einem auf dessen Oberfla- 
che ausgebildeten spiralformigen Vorabgraben (6), einer auf dem Substrat ausgebildeten Lichtabsorptionsschicht 
3 m.t einem Farbungsmaterial, und einer auf der Lichtabsorptionsschicht (3) ausgebildeten Lichtreflexionsschicht 
(4) aus einem Metallfilm; 
dadurch gekennzelchnet, dass 

- -0,4 £ AS £0,3 gilt, wobei AS die wie folgt reprasentierte optische Phasendifferenz ist: AS = 2d b {n b - n b 
(1 ; ' <Wd sub )}tt., wobei d sub die Tiefe der Grenzschicht (8) auf der dem Substrat zugewandten Seite der 
Lichtabsorptionsschicht (3) im dem vorabgraben (6) entsprechenden Bereich 1st; d^ die Tiefe der Grenz- 
schicht (9) auf der der Lichtabsorptionsschicht zugewandten Seite der Lichtreflexionsschicht (4) im dem vor- 
abgraben entsprechenden Bereich ist, n^ der Realteil des komplexen Brechungsindex des Substrats und 
einer behebigen Schicht ist. die auf der dem Substrat zugewandten Seite der Lichtabsorptionsschicht (3) vor- 
handen ist, n abs der Realteil des komplexen Brechungsindex der Lichtabsorptionsschicht (3) ist und X die 
Wellenlange eines von der Seite des Substrats (2) her eingestrahlten Laserstrahls isf und 

- andere Schichten zwischen das lichtdurchlassige Substrat (2) und die Lichtabsorptionsschicht (3) oder die 
Lichtreflexionsschicht (4) und die Lichtabsorptionsschicht (3) eingefugt sein konnen. 

2. Optischer Datenaufzeichnungstrager nach Anspruch 1, bei dem d^,, 2 50 nm gilt. 

3. Optischer Datenaufzeichnungstrager nach Anspruch 1 . bei dem die Lichtabsorptionsschicht (3) auf einem Teil des 
hchtdurchlassigen Substrats (2) ausgebildet ist, und ein ROM-Bereich, in dem bereits Aufzeichnungsflecke fur 
Abspielsignale ausgebildet sind, im Bereich vorhanden ist, in dem die Lichtabsorptionsschicht fehlt. 

4. Vertahren zum optischen Aufzeichnen von Information auf einem optischen Datenaufzeichnungstrager dadurch 
gekennzelchnet, dass der optische Aufzeichnungstrager von Anspruch 1 verwendet wird und der Aufzeichnungs- 
vorgang dadurch ausgefOhrt wird. dass ein Aufzeichnungslaserstrahl von der Seite des lichtdurchlassigen Sub- 
strate her eingestrahlt wird, urn den optischen Aufzeichnungstrager auf der dem Substrat zugewandten Seite der 
Lichtabsorptionsschicht zu verformen. 

6. Verfahren nach Anspruch 4, bei dem d sub s 50 nm gilt. 

6. Optischer Datenaufzeichnungstrager (1 ) mit einem lichtdurchlassigen Substrat (2) mil einem auf dessen Oberfla- 
che ausgebildeten Vorabgraben (6), einer auf dem Substrat ausgebildeten Lichtabsorptionsschicht (3) mit einem 
Farbungsmaterial, und einer auf der Lichtabsorptionsschicht (3) ausgebildeten Lichtreflexionsschicht (4) aus einem 
rvieiaiiTiim, 
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dadurch gekennzeichnet, dass 

- 0,03 <; AS £ 0,3 gift, wobei AS die optische Phasendifferenz zwischen dem an der Lichtreflexionsschicht (4) 
in dem dem Vorabgraben (6) entsprechenden Bereich reflektierte Leselaserstrahl und dem an der Lichtreflex- 
ionsschicht (4) im Bereich, wie er dem auf jeder Seite des Vorabgrabens (6) liegenden emabenen Bereich 
entspricht, reflektierten Leselaserstrahl ist, und dieser Wert wie folgt definiert ist: AS = 2d sub {n sub - n^ (1 - 
<WcJsub)y*-. wobei d sub die Tiefe der Grenzschicht auf der dem Substrat zugewandten Seite derTichtabsorp- 
tionsschicht (3) im dem Vorabgraben (6) entsprechenden Bereich ist, d abs die Tiefe der Grenzschicht (9) auf 
der der Lichtabsorptionsschicht zugewandten Seite der Lichtreflexionsschicht (4) in dem Vorabgraben ent- 
sprechenden Bereich ist, n 8ub der Realteil des komplexen Brechungsindex des Substrats und einer beliebigen 
Schicht ist, die auf der dem Substrat zugewandten Seite der Lichtabsorptionsschicht (3) vorhanden ist, ru^ 
der Realteil des komplexen Brechungsindex der Lichtabsorptionsschicht (3) ist und \ die Welleniange eines 
von der Seite des Substrats (2) her e ingest rah Iten Laserstrahls ist; und 

- 90 nm £ dg, <£ 350 nm gilt, wobei d^ die Dicke der Lichtabsorptionsschicht in dem dem Vorabgraben (6) ent- 
sprechenden Bereich ist. 

Optischer Datenaufzeichnungstrager (1 ) mit einem lichtdurchlassigen Substrat (2) mit einem auf dessen Oberfla- 
che ausgebildeten Vorabgraben (6), einer auf dem Substrat ausgebitdeten Lichtabsorptionsschicht (3) mit einem 
Farbungsmaterial, und einer auf der Lichtabsorptionsschicht (3) ausgebildeten Lichtreflexionsschicht (4) aus einem 
Metallfilm; 

dadurch gekennzeichnet, dass 

- 0,4 <: AS s 0,04 gilt, wobei AS die optische Phasendifferenz zwischen dem an der Lichtreflexionsschicht (4) 
in dem dem Vorabgraben (6) entsprechenden Bereich reflektierte Leselaserstrahl und dem an der Lichtreflex- 
ionsschicht (4) im Bereich, wie er dem auf jeder Seite des Vorabgrabens (6) liegenden emabenen Bereich 
entspricht, reflektierten Leselaserstrahl ist, und dieser Wert wie folgt definiert ist: AS = 2d sub {n sub - n^ (1 - 
dabs^sub)}*, wobei dsub die Tiefe der Grenzschicht auf der dem Substrat zugewandten Seite derLichtabsorp- 
tionsschicht (3) im dem Vorabgraben (6) entsprechenden Bereich ist, d abs die Tiefe der Grenzschicht (9) auf 
der der Lichtabsorptionsschicht zugewandten Seite der Lichtreflexionsschicht (4) im dem Vorabgraben ent- 
sprechenden Bereich ist, n 8ub der Realteil des komplexen Brechungsindex des Substrats und einer beliebigen 
Schicht ist, die auf der dem Substrat zugewandten Seite der Lichtabsorptionsschicht (3) vorhanden ist, n b 
der Realteil des komplexen Brechungsindex der Lichtabsorptionsschicht (3) ist und X die Welleniange eines 
von der Seite des Substrats (2) her eingestrahlten Laserstrahls ist; und 

- 90 nm <; d 1n <; 350 nm gilt, wobei d gr die Dicke der Lichtabsorptionsschicht in dem dem Vorabgraben (6) 
entsprechenden Bereich ist. 

8. Optischer Datenaufzeichnungstrager nach einem der Anspruche 6 Oder 7, bei dem d^ > 40 nm gilt. 

9. Optischer Datenaufzeichnungstrager nach einem der Anspruche 6, 7 oder 8, bei dem 0,05 <; p <; 1 ,6 gilt, wobei p 
= n abs * d a\A wobei d av die mittlere Dicke der Lichtabsorptionsschicht (3) ist. 

10. Optischer Datenaufzeichnungstrager (1 ) nach einem der Anspruche 6, 7, 8 oder 9, bei dem k^ < 0,3 gilt, wobei 
k abs der Imaginarteil des komplexen Brechungsindex der Lichtabsorptionsschicht (3) ist. 

11. Verfahren zum Aufzeichnen von Information auf dem optischen Aufzeichnungstrager gemaB Anspruch 6, bei dem 
durch Einstrahlen eines Aufzeichnungslaserstrahls von der Substratseite her Aufzeichnungsflecke im Vorabgraben 
(6) des optischen Datenaufzeichnungstragers (1 ) hergestelft werden. 

1 2. Verfahren zum Aufzeichnen von Information auf dem optischen Aufzeichnungstrager gemaB Anspruch 7 bei dem 
durch Einstrahlen eines Aufzeichnungslaserstrahls von der Substratseite her Aufzeichnungsflecke im emabenen 
Bereich des optischen Datenaufzeichnungstragers hergestellt werden. 

13. Verfahren nach einem der Anspruche 11 oder 12, bei dem die der Lichtabsorptionsschicht zugewandte Seite des 
Substrats durch Einstrahlen des Aufzeichnungslaserstrahls von der Substratseite her verformt wird. 
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Revendicatlons 

1 . Support d'enregistrement optique deformations (1 ) comportant un substrat transparent (2), ayant un pre-sillon en 
forme de spirale (6) forme sur sa surface, une couche photo-absorbante (3) d'une matiere colorante formee sur 
le substrat et une couche photo-reflechissante (4) constitute d'un film metallique forme sur la couche photo-ab- 
sorbante (3) y 

caracterlse en ce que 

- 0,4 <s DS £ 0,3, ou DS est ia difference de phase optique representee par DS = 2 dg Ub (n sub - n^ (1 - d^ / 
d SU b)) / 1 . ou d^b est la profondeur de I'inter-couche (8), du cote du substrat, de la couche photo-absorbante 
(3) au niveau de la partie correspondant au pre-sillon (6), d ab s est la profondeur de I'inter-couche (9), du cote 
de la couche photo-absorbante, de la couche photo-reflechissante (4) au niveau de la partie correspondant 
au prd-sillon, n 6Ub est la partie reelle de i'indice de refraction complexe du substrat et de n'importe quelle 
couche presente entre le substrat et la couche photo-absorbante (3), nabs est la partie reelle de I'indice de 
refraction complexe de la couche photo-absorbante (3) et 1 est la longueur d'onde d'un faisceau laser qui 
. irradie du cote du substrat (2); 

et en ce que d'autres couches peuvent etre intercalees entre le substrat transparent (2) et la couche photo- 
absorbante (3) ou entre la couche photo-r6flechissante (4) et la couche photo-absorbante (3). 

2. Support d'enregistrement optique d'informations selon la revendication 1 , dans lequel on a d^ ;> 50 nm. 

3. Support d'enregistrement optique d'informations selon la revendication 1 , dans lequel la couche photo-absorbante 
(3) est formee sur une fraction du substrat transparent (2) et une zone de memoire ROM, dans laquelle des piqOres 
pour signaux de lecture sont deja formees, est installee au niveau du secteur ou il ny a pas de couche photo- 
absorbante. 

4. Procede d'enregistrement optique d'informations sur un support d'enregistrement optique d'informations, 

caracterlse en ce que 

on utilise le support d'enregistrement optique de la revendication 1 et on eff ectue I'enregistrement en irradiant 
avec un faisceau laser d'enregistrement le support d'enregistrement optique, du cote du substrat transparent, pour 
le deformer au niveau de la couche photo-absorbante, du cote du substrat. 

5. Procede selon la revendication 4, dans lequel on a d^ £ 50 nm. 

6. Support d'enregistrement optique d'informations (1 ) comportant un substrat transparent (2), ayant un pre-sillon en 
forme de spirale (6) forme sur sa surface, une couche photo-absorbante (3) d'une matiere colorante formee sur 
le substrat et une couche photo-reflechissante (4) constitute d'un film metallique forme sur la couche photo-ab- 
sorbante (3) r 

caracterlse en ce que 

0,03 5S DS <, 0,3, ou DS est la difference de phase optique entre le faisceau laser de lecture reflechi par la 
couche photo-rSfiechissante (4) au niveau de la partie correspondant au pr6-sillon (6) et le faisceau laser de 
lecture r6fl6chi par la couche photo-refl6chissante (4) au niveau de la partie correspondant a I'inter-sillon de 
cheque c6te du pr6-sillon (6), representee par DS = 2 d 8Ub (n sub -n ab8 (1 - dabs / d fiub) ) / 1, ou d sub est la 
profondeur de I inter^ouche (8), du c6t6 du substrat, de la couche photo-absorbante (3) au niveau de la partie 
correspondant au pr6-sillon (6), d^ est la profondeur de I'inter-couche (9), du c6t6 de la couche photo-ab- 
sorbante, de la couche photo-r6fl6chissante (4) au niveau de la partie correspondant au pr6-sillon, n^ est 
la partie r6elle de I'indice de refraction complexe du substrat et de n'importe quelle couche presents entre le 
substrat et la couche photo-absorbante (3), n abs est la partie reelle de I'indice de refraction complexe de la 
couche photo-absorbante (3) et 1 est la longueur d'onde d'un faisceau laser qui irradie du cote du substrat 
(2); et 

90 nm <; d gr <; 350 nm, ou dg, est l'6paisseur de la couche photo-absorbante au niveau de la partie correspon- 
dant au pre-sillon (6). 

Support d'enregistrement optique d'informations (1 ) comportant un substrat transparent (2), ayant un pre-sillon en 
forme de spirale (6) forme sur sa surface, une couche photo-absorbante (3) d'une matiere colorante formee sur 
le substrat et une couche photo-refiechissante (4) constitu6e d'un film metallique forme sur la couche photo-ab- 
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sorbante (3) 

caracterise en ce que 

- 0,4 <, DS <s 0,3, ou DS est la difference de phase optique entre le faisceau laser de lecture reflechi par la 
couche photo-reflechissante (4) au niveau de la partie correspondant au pre-sillon (6) et le faisceau laser de 
lecture reflechi par la couche photo-reflechissante (4) au niveau de la partie correspondant a I'inter-sillon de 
chaque cdtd du pre-sillon (6), representee par DS = 2 d sub (n sub -n abg (1 - d abs / d sub )) / 1, ou d sub est la 
profondeur de I mter-couche (8), du c6te du substrat, de la couche photo-absorbante (3) au niveau de la partie 
correspondant au pre-sillon (6), d^ est la profondeur de I'inter-couche (9), du cete de la couche photo-ab- 
sorbante, de la couche photo-reflechissante (4) au niveau de la partie correspondant au pre-sillon, n sub est 
la partie reelle de I'indice de refraction complexe du substrat et de n'importe quelle couche presente entre le 
substrat et la couche. photo-absorbante (3), n abs est la partie reelle de I'indice de refraction complexe de la 
couche photo-absorbante (3) et 1 est la longueur d'onde d'un faisceau laser qui irradie du cdte du substrat 
(2); et 

90 nm <; d, n <c 350 nm, ou d ln est I'epaisseur de la couche photo-absorbante (3) au niveau de la partie cor- 
respondant a I'inter-siilon. 

8. Support d'enregistrement optique d'informations selon ia revendication 6 ou 7, dans lequel on a d^t, > 40 nm. 

9. Support d'enregistrement optique d'informations selon la revendication 6, 7 ou 8, dans lequel 0,05 <, p <; 1 ,6 ou p 

- n abs * d av / 1 , ou d av est I'epaisseur moyenne de la couche photo-absorbante (3). 

10. Support d'enregistrement optique d'informations selon la revendication 6, 7, 8 ou 9, dans lequel < 0 3 ou k^u 
est la partie imaginaire de I'indice de refraction complexe de la couche photo-absorbante (3). 

11. Precede d'enregistrement d'informations sur le support d'enregistrement optique de la revendication 6 qui com- 
porte la formation de piqOres dans le pre-sillon (6) du support d'enregistrement optique d'informations (1 ) en I'ir- 
radiant avec un faisceau laser d'enregistrement du cdte du substrat. 

12. Procede d'enregistrement d'informations sur le support d'enregistrement optique de la revendication 7 qui com- 
porte la formation de piqOres sur I'inter-siilon du support d'enregistrement optique d'informations en I'irradiant avec 
un faisceau laser d'enregistrement du cot6 du substrat. 

13. Procede selon la revendication 11 ou 12, dans lequel ie substrat est deforme, du cote de la couche photo-absor- 
bante, par i'irradiation du faisceau laser du cote du substrat. 
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FIGURE 4 
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